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STATUS REPORT FOR PERIOD 1 MARCH 1964 TO 31 AUGUST 1964 
NASA Research G r a n t  NsG-150-61 

T h i s  r e p o r t  covers s t a t u s  of the inves t iga t ion ,  Dynamic 
Behavior of Porous Electrode Sys tems,  dur ing the  six-month per iod  
of NASA Research G r a n t  N s G - 1 5 0 - 6 1 .  
i n  the Department of Chemical Engineering, Universi ty  of Ca l i fo r -  
n i a ,  Berkeley, under the d i r e c t i o n  of Professor  Charles W. Tobias. 
The progress  of the inves t iga t ion  during this per iod ,  d i r e c t i o n  
of f u t u r e  r e sea rch  e f f o r t s ,  expenditures incur red ,  and personnel 
involved are repor ted  here in .  

The work i s  being conducted 

I.  Progress  of I n v e s t i g a t i o n  

cu r ren t  d i s t r i b u t i o n  i n  micro-fissure e l e c t r o d e s  and prel iminary 
experiments f o r  determinat ions of e f f e c t  of s t r u c t u r e  changes on 
cu r ren t  d i s t r i b u t i o n  i n  s i n t e r e d  porous metal e l e c t r o d e s  have been 
undertaken. The inf luence  of e l ec t rode  r e a c t i o n  k i n e t i c s  on the 
e f f e c t i v e  ove rpo ten t i a l  of flooded porous e l ec t rodes  has been Invea- 
t igated by an ex tens ive  computational program. \ 

During t h e  per iod  covered by t h i s  r e p o r t  measurements of 

A .  Micro-fissure S ingle  Pore Electrode Measurements 
A series of steady state and t r a n s i e n t  measurements of 

cu r ren t  d i s t r i b u t i o n  have been conducted i n  the micro-f issure  
s i n g l e  pore c e l l  described previously['],  but  w i t h  e l ec t rode  depth 

reduced t o  0 .28  cm as descr ibed i n  the last semiannual r e p o r t .  
- 4  These experiments u t i l i z e d  t h e  f e r r i - f e r rocyan ide  redox r e a c t i o n  

(0.1N Fe(CN)i3, Fe(CN)i4)in approximately 2 N  NaOH a t  2 5 O C .  

employed, and cu r ren t  d e n s i t i e s  ranging from 2 t o  100 ma/,,' pore 
c ros s  s e c t i o n  w e r e  i nves t iga t ed  a t  steady state. The s teady  state 
d i s t r i b u t i o n s  observed agreed q u i t e  w e l l  with r e s u l t s  p red ic t ed  

An improved c i r c u i t  for balancing p o t e n t i a l s  among the e l e c t r o d e  
segments has reduced the s e v e r i t y  of the anomalous cu r ren t s  i n  
c e r t a i n  e l ec t rode  sec t ions  which w a s  mentioned i n  t h e  last  r e p o r t .  

f o r  the micro-f issure  c e l l  for a f i s s u r e  w i d t h  of 200 microns 
us ing  t h e  same e l e c t r o l y t e  as for the s teady  state experiments. 

F i s su re  widths over the range of 50-200 microns were 

by ear l ier  t h e o r e t i c a l  s t u d i e s  c a r r i e d  out  under t h i s  p r o j e c t  [2 1 . 

Trans ien t  cu r ren t  d i s t r i b u t i o n s  have been i n v e s t i g a t e d  
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Current  d e n s i t i e s  of 2 and 4 ma/cm2 pore c ross  s e c t i o n  were used. 
The nonuniformity of observed cur ren t  d i s t r i b u t i o n s  i n i t i a l l y  i n -  
creased q u i t e  r a p i d l y  (following s t a r t i n g  of a s p e c i f i e d  cons tan t  
c u r r e n t )  and then more slowly over t r a n s i e n t  per iods  of 10-30 min. 
T h i s  behavior fol lows q u i t e  c lose ly  t h a t  p red ic t ed  by previously 
mentioned t h e o r e t i c a l  methods except f o r  some i r r e g u l a r  f l uc tua -  
t i o n s  i n  segment currentsduring the first f e w  seconds of each run. 

B. E f f e c t  of Changes i n  Electrode Mixture upon Reaction 
D i s t r i b u t i o n  
The equipment f o r  measurement of l o c a l  rates of anodic 

d i s s o l u t i o n  of porous s i n t e r e d  metal e l ec t rodes  has been constructed 
and pre l iminary  experiments conducted w i t h  porous copper e l ec t rodes .  
Well def ined  mass t r a n s f e r  condi t ions e x t e r i o r  t o  the tes t  e l e c -  
t rode  a r e  maintained by mounting the e l ec t rode  i n  the w a l l  of a 
closed channel through which the e l e c t r o l y t e  flows under condi t ions 
a s s u r i n g  w e l l  developed turbulence.  A b u f f e r  e l ec t rode  is provided 
upstream of the test p iece  t o  form a mass t r a n s p o r t  boundary l a y e r  
which changes bu t  l i t t l e  over the  t e s t  s e c t i o n .  Examination of 
e l e c t r o d e s  r eac t ed  i n  t h i s  system shows that s a t i s f a c t o r i l y  uni- 
form condi t ions  are maintained over t h e i r  su r face .  

C .  Inf luence of Electrode Reaction Kine t i c s  on Po la r i za t ion  
of Flooded Porous Electrodes 
The inf luence  of t he  e l ec t rode  r e a c t i o n  k i n e t i c  repre- 

s e n t a t i o n  used i n  c a l c u l a t i o n  of the e f f e c t i v e  ove rpo ten t i a l  of 
a f looded porous e l e c t r o d e  has been c r i t i c a l l y  examined. Using 
the  computational methods developed earlier i n  t h i s  p r o j e c t  ‘‘I the  
e f f e c t s  of v a r i a t i o n s  of the parameters i n  a Volmer type k i n e t i c  
expressions,  and those of using l i m i t i n g  l i n e a r  and T a f e l  approxi- 
mations t o  t h i s  expression,  were inves t iga t ed .  P o l a r i z a t i o n  curves 
p red ic t ed  by ear l ier  and cruder  mathematical models f o r  porous 
e l e c t r o d e s  were compared t o  the p resen t  r e s u l t s ,  i l l u s t r a t i n g  
the  d iscrepancies  i n  ca l cu la t ed  p o l a r i z a t i o n s  that  can be a t t r i b u t e d  
t o  the fa r  reaching s impl i fy ing  assumptions of this previous work 
(e.@;. , assumption of uniform e l e c t r o l y t e  composition). T h i s  s tudy 
is descr ibed i n  some detail  i n  the  accompanying p r e p r i n t  of a 
manuscript submitted for pub l i ca t ion  131 . 



S t a t u s  Report 
-March 1, 1964 t o  August 31, 1964 -3- 

11. Direction of Research E f f o r t  f o r  Septembey 1964 - March 1965 
A t  the p re sen t  t i m e ,  s e r i e s  of experiments determining d i s -  

t r i b u t i o n  of r e a c t i o n  during anodic d i s s o l u t i o n  of porous copper 
e l e c t r o d e s  i n  €$SO4 and s i l v e r  e l ec t rodes  i n  n i t r a t e  so lu t ions  are 
i n  progress .  
be i n v e s t i g a t e d  and dura t ion  of cu r ren t  passage var ied  t o  t r a c e  the 
e n t i r e  course of the r e a c t i o n  up t o  the p o i n t  of complete d isso lu-  
t i o n  of the ma te r i a l  a t  the face of t h e  e l ec t rode .  

S u p e r f i c i a l  current  d e n s i t i e s  up t o  500 ma/cm2 w i l l  

I n  the near  f u t u r e  t w o  new sequences of measurements w i l l  be 

undertaken w i t h  the  micro-fissure s i n g l e  pore c e l l :  one involving 
t r a n s i e n t s  a t  smaller f i s s u r e  widths  than here tofore  s tud ied ;  the 
o t h e r  i n v e s t i g a t i n g  s teady s t a t e  cu r ren t  d i s t r i b u t i o n s  i n  the 

presence of a flow of e l e c t r o l y t e  through the f i s s u r e  toward the 
bulk s o l u t i o n  at rates s u f f i c i e n t  t o  in su re  uniformity of e k C t r 0 -  

l y t e  composition i n  the f i s s u r e .  

111. Expenditures 
Unexpended funds from t h i s  g ran t  as of October 27, 1964, 

amount It i s  a n t i c i p a t e d  that  t h i s  amount w i l l  be 

spent ,  and the  g ran t  'period terminated, sometime i n  December 1964. 

I V .  Personnel 
The personnel involved i n  t h i s  i n v e s t i g a t i o n  a t  present  

c o n s i s t s  of the p r i n c i p a l  i nves t iga to r ;  a f a c u l t y  i n v e s t i g a t o r ,  
Professor  Edward A. Grens 11; a M.S. s tudent ,  M r .  Richard Alk i re ;  
and a l abora to ry  a s s i s t a n t ,  M r .  Yuya Ogiwara. D r .  Rolf M k l e r  
cont inues i n  a consul t ing  capaci ty  ( r ece ives  no compensation). 

V. Attendance of S c i e n t i f i c  Meetings 

Electrochemical Soc ie ty  i n  Toronto, play, and i n  Washington, October, 
1964. 

Professor  Charles W. Tobias a t tended  the meetings of the 
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